shell or rim-like peripheral calcifications, intranodular coarse dense calcifications, calcified spot, and microcalcifications [4, 5] . Microcalcification is known to be highly associated with papillary thyroid carcinoma and its histologic type is easy decided by US-guided FNA. However, for other patterns of calcification, it is difficult to perform US-guided FNA that nodules and also their clinical significance is uncertain.
In the present study, we classified non-microcalcification patterns into four types of calcification. Then, we analyzed five patterns of calcification of thyroid nodules detected on US to evaluate which pattern of calcification was associated with malignancy.
Materials and Methods

Subjects
The records of 1078 consecutive patients who received preoperative ultrasound examinations and subsequently underwent thyroidectomy for nodular thyroid disease between January 2008 and July 2011
The patterns of calcification were classified into five categories: (1) microcalcification (fine stippling psammoma body); (2) annular-like peripheral calcification; (3) crescent-like peripheral calcification; (4) intra nodular coarse calcification; and (5) a calcified spot (Figs. 1, 2) . Definitions of each were as follows: (1) microcalcification was defined as multiple punctate bright echoes with or without acoustic shadowing, (2) annular-like peripheral calcification was defined as coarse calcifications located around the nodule, (3) crescent-like peripheral calcification consisted of crescentat the Kosin University Gospel Hospital were retrospectively reviewed. Subjects were 171 male and 907 female patients (with a male-to-female ratio of 5.3:1), with a mean age of 47.2 ± 11.1 years old (range 16-82 years old). The reason for the decision to perform surgery varied and ranged from risk of malignancy to cosmetic concerns. Patients' charts were reviewed for clinical findings and preoperative diagnostic investigations. All pathology reports were reviewed for data regarding the final diagnosis and the presence of intrathyroidal calcification. This study was approved by the institutional review board (IRB) of Kosin University Gospel Hospital (approval number: 11-87).
Assessment of thyroid nodule calcification
All patients underwent thyroid US before surgery. Sonographic examination was performed by two radiologists with real-time scanners (Philips Healthcare IU 22, Bothell, WA, USA) equipped with a 5-to12-MHz linear array transducer. All the ultrasound reports and images were reviewed by only one endocrinologist who specializes in thyroid pathology. The size and number of thyroid nodules and the presence and pattern of calcification were recorded for each patient. shaped large coarse calcifications, without the ability to identify the tumor by its acoustic shadowing, (4) intra nodular coarse calcification consisted of a hyperechoic structure (larger than 2 mm) with acoustic shadowing, and (5) a calcified spot was a single coarse calcification without visualization of the surrounding tumor. Each calcification type on US was compared with the corresponding histological findings.
Statistical analysis
The data were analyzed in terms of frequency. Chisquare test was performed for each calcification type, and the sensitivity, specificity and positive predictive value was determined from a two-by-two table. To make up for the small number of cases, Fisher's exact test was also used. The value of p < 0.05 was considered as statistically significant. Statistical analysis was performed using SPSS, version 18.0 (SPSS Inc., Chicago, IL, USA).
results
A total of 1,431 thyroid nodules of 1,078 patients were studied, and they had a mean diameter of 1.2 ± 0.8 cm (range 0.1 cm -6.0 cm). Of these 1,431 nodules, 1,305 (91.1%) were thyroid carcinomas and 126 (8.9%) were benign nodules. The majority of malignant nodules were papillary carcinoma (94.7% [1, 17 .2% (225/1,305) of malignant nodules and 5.5% (7/126) of benign nodules. The calcification patterns observed in the less common types of malignant nodules and those in benign thyroid nodules are summarized in Table 2 . Fig. 3 shows the configuration according to the types of calcification. Of the 524 malignant nodules with calcification, microcalcification was the predominant pattern, occurring in 42.9% (225/524); in contrast, the annular type was the least common, only occurring in 5.9% (31/524). Of the 28 benign nodules with cal- Fig. 3 The percentage of each type of calcification in malignant and benign nodules ule is one of the most important US findings in distinguishing malignant from benign nodules. Several reports have noted that calcification seems to be more common in malignant than benign thyroid nodules [7] [8] [9] [10] [11] . The incidence of calcification is 26-54% in malignant and 8-32% in benign lesions. Our study showed similar results that calcification was noted in 40.2% of malignant and in 22.2% of benign thyroid nodules.
The patterns of calcification also can be used to predict malignancy. Microcalcification is already known to be the most reliable indicator of malignancy, because microcalcification represents the histological pattern of "psammoma bodies" [12] . Psammoma bodies are typically seen in papillary thyroid carcinoma. But, ultrasonographic microcalcification is not completely explain psammoma bodies, because there are several calcification types histologically [13, 14] . Wang et al. [4] reported microcalcification was present in 38.2% (26 of 68) of malignant nodules with calcification. Taki et al. [5] reported the proportion of microcalcification in malignant nodules with calcification was 29.0% (9 of 31). In this study, microcalcification occupied 42.9% (225 of 524) of malignant thyroid nodules with calcification. It is considered more reliable than previous studies because of the large sample size. On the other hand, the proportion of microcalcification in benign nodules with calcification was not dominant, 7 out of 28 cases (Fig. 2) . This is the first study that classified non-microcalcification patterns into four groups, annular, crescent, calcified spot and intranodular. In particular, the crescent type of calcification was unique to this study.
It is well-known that annular or "egg-shell"-type calcifications are generally thought to be associated with benign nodules. However, these types have been cification, each calcification type were distributed into similar portion. The overall sensitivity of any calcification was 40.2% and each calcification type had a low sensitivity (microcalcification 17.2%, annular 2.4%, crescent 4.4%, calcified spot 5.4%, and intra nodular 10.7%). The specificity of total calcification, microcalcification, annular, crescent, calcified spot and intranodular was 77.8%, 94.4%, 96.0%, 96.0%, 96.8%, 95.2% and 95.3%, respectively; the positive predictive value was 94.9%, 97.0%, 86.1%, 93.5%, 92.1% and 95.9%, respectively (Table 3) .
Chi-square test indicated that total calcification differed significantly between the benign and malignant groups (p < 0.001), with an odds ratio value of 2.3 (95% CI, 1.5-3.6). Among the calcification types, only microcalcification and intranodular were significantly associated with malignancy (p = 0.001, 0.035), with OR values of 3.5 (95% CI, 1.6-7.7) and 2.4 (95% CI, 1.1-5.6), respectively. On the other hand, the annular type had a relatively low OR of 0.6 (95% CI, 0.2-1.5), although it was not significant ( Table 3) .
Discussion
In our study, thyroid nodules detected on US were classified into five patterns of calcification. Our results showed that ultrasonographic calcification of thyroid nodules was statistically significant for predicting malignant nodules. According to the calcification pattern, microcalcification and intranodular calcification were significantly associated with malignancy.
Ultrasonography can detect thyroid nodules at an earlier stage, so it is currently used as the initial investigation for evaluation of thyroid nodules [6] . However, there is no reliable classification for distinguishing malignant from benign. Calcification of a thyroid nod- reported not only in cases of papillary carcinoma [15] and but also in undifferentiated carcinoma [16] . In our study, 5.9% of malignant thyroid nodules had the annular type of calcifications. However, this type was the least frequent and the odds ratio was less than 1 (Table  3) and not significant. In our experience, the clinical feature of the crescent type is similar with the annular type. This type is dense and non-diagnostic in fineneedle aspiration cytology (FNAC). We thought the crescent type was also more likely to be benign than malignant. Crescent type was the second least frequent, occurring in 11.1% of malignant thyroid nodules with calcification. Coarse dystrophic calcification has been reported to be unhelpful in the diagnosis of malignancy [5, 12, 17] . However, these results may be due to the crude classification of non-microcalcification types. Except for crescent and calcified spot types from coarse dystrophic calcification, the intranodular type of calcification was a significant indicator of malignant thyroid nodules with an odds ratio of 2.4 (95% CI 1.1-5.6, p=0.035).
One of the most interesting findings was that there was no dominant pattern in benign thyroid nodules with calcification. Khoo et al. [9] showed that 91.7% of benign nodules for which patients underwent surgery were multinodular goiters. The incidence of calcification increased with the duration of the presence of the goiter [7, 8, 18, 19] . Such calcifications have a low risk of malignancy [20] . In this study, the most common reasons for operating for benign nodules were the presence of a multinodular goiter and suspicion of malignancy on the FNAC. From our results, we can speculate that there are no clear indicators of malignancy in multinodular goiter.
The present study has several limitations. The most important limitation is that the significant difference in number of malignant and benign patients. This is because of unlikeness of surgery of benign nodules. In this context, one more limitation is raised. The results of the present study were not from all incidentalomas of the thyroid. Almost all cases with microcalcification underwent surgery; however, only a few cases of other patterns of calcification underwent surgery. Therefore, the sensitivity and specificity of microcalcification seem to be reliable, but the results of other patterns may not be given the smaller sample size.
Despite these limitations, this study has several strengths. First, it includes the largest number of cases in the literature to date, a total of 1,431 thyroid nodules. Second, this is the first report which classified microcalcifications into five patterns with detailed descriptions of each type and examined their associations with malignancy.
In conclusion, if the five types of calcification pattern which were presented in this study would be used in routine examination of thyroid nodules, it may aid in the diagnosis of malignancy. Not only microcalcification but also intranodular calcification should be considered to be suspicious for malignancy. Extended studies for all incidentalomas of the thyroid are needed in the future.
